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Threonine dehydrogenase has beenpurifiedfrom Serretia marcescens 450fold to obtain
1300 micrograms of enzyme from 15 grams of cells. The amino-terminus has been
sequencedandplaces it in a class with medium chain alcohol dehydrogenasesfrom both
Z.mobilus and E.coli. The native enzyme is a dimer of 35.6 kD sub-units containing
approximately 324 amino acids. The gene structure of the enzyme is dissimilar from
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Introduction:
The metabolism of threonine in bacterial organisms is a vital part of the normal
biochemical pathways and essential for their survival. Threonine is an amino acid used
in the construction of almost all proteins and has a normal intracellular level, which has
been used as an indication of the nutrition of the organism. (14) Low levels of threonine





















Figure 1 . Structures of nicotinamide adenine dinucleotide and threonine.
threonine carbons are numbered starting with one at the carbonyl
Threonine can be broken down via two separate pathways in E.coli (figure 2). Threonine
deaminase removes the amine group on carbon two of threonine and transfers the
hydroxyl group from carbon three to form a ketone at carbon two, producing
2-
oxobutanoate. This pathway provides the cell with a source of ammonia for use in many
intracellular reactions including biosynthesis of nucleotides and other amino acids. (15)
The other catabolic fate of threonine in E.coli is the utilization of threonine as a carbon
source by threonine dehydrogenase activity. Threonine dehydrogenase is an
oxidoreductase that transfers a hydride ion from the carbon to nicotinamide adenine
dinucleotide (NAD^ leading to the formation of 2-amino-3-ketobutyrate (AKB). AKB
can either be converted to acetyl-CoA and glycine by amino-ketobutyrate ligase or will
spontaneously lose its carboxyl group as carbon dioxide to form aminoacetone.(15)
Aminoacetone is a unique metabolite, which is only produced by threonine
dehydrogenase. Prokaryotes utilize the pathway initiated by TDH as a ready source of
energy (acetyl CoA) and an alternate pathway for glycine synthesis.(15) Threonine
dehydrogenase from E.coli is a medium chain zinc containing alcohol dehydrogenase
with specificity for threonine. The mechanism of the hydride transfer from threonine to
NAD+








TDH - Threonine Dehydrogenase
TDA - Threonine Deaminase
KBL - Amino-Ketobutyrate Ligase
*
- Unique by-product of
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Figure 2. Catabolic pathways of threonine in Escherichia coli, showing
threonine deaminase (TDA) , threonine dehydrogenase (TDH) and amino-























Figure 3 - Mechanism of threonine dehydrogenase catalyzed reaction.
The conversion of threonine to amino-ketobutyrate involves the stabilization of the
oxygen on the hydroxyl group of threonine by the zinc ion in the active site of threonine
dehydrogenase. The positive charge on the nicotinamide group of
NAD+
is de-localized
by the aromaticity of the ring thus producing a partial positive charge in the vicinity of
the carbonyl proton on threonine. The hydroxyl proton can then be released which in
turn causes the electrons on the oxygen of threonine to collapse forming the ketone and
transferring the carbonyl hydrogen to NAD+. Threonine dehydrogenase in Escherichia
coli is a 341 amino acid polypeptide that forms a homologous tetramer in its native
form. (6) The three dimensional structure of threonine dehydrogenase is not presently
known but the structure of horse liver alcohol dehydrogenase has determined by X-ray
crystallography (figure 3). This alcohol dehydrogenase is very similar to threonine
dehydrogenase from E.coli. Both contain four sub-units of approximately 340 amino
acids. They both have one or two zinc ions per sub-unit, one catalytic and the other
structural.(3) Figure 4 shows the large size of the native protein compared to its co-factor
and substrate. The active site of the alcohol dehydrogenase is found in a cleft on the
surface of each sub-unit. The substrate is bound to the active site by surrounding amino
acids of histidine, cysteine and arginine and by its interaction with the catalytic zinc.
NAD+
is bound length wise along the valley of the cleft with its nicotinamide tail pointed
at the substrate. The cleft and active site orientation are shown in figure 5.
Figure 4 Horse Liver Alcohol Dehydrogenase shown in structural shading
along with NAD+, both the catalytic zinc and structural zinc, and substrate.
Yellow indicates beta sheet area and red is the alpha helical sections. This structure is a
shown in its tetrameric form.(17)
Figure 5 Active site of alcohol dehydrogenase.
(A) Looking down the cleft of the active site. (B) Close up of the active site showing the
substrate-ion interaction and the location ofNAD.(17)
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A unique aspect of both dehydrogenases is that the native enzyme consists of a tetramer
of identical sub-units. Each sub-unit has its own active site. This lead to speculation that
each sub-unit could function as a monomer. Further examination of their structures
reveals an interesting structural feature. Figure 6 shows the tetrameric enzyme at three
different angles with the four sub-units colored independently.
Figure 6 also shows that the enzyme is essentially made up of dimers. The two dimers
are identical in structure and orientation. They seem to be stacked on top of one another
with a relative large gap between them. The two sub-units of each dimer seem to have a
more integrated structure, forming a beta sheet across the connection between them. This
feature, most likely, is vital to their structure and thus their functionality. If you
separated these two sub-units it would likely cause an effect to the activity of the enzyme,
but if you were to separate the two dimers it is possible that their structures may not be
dependent upon this interaction and that function may not be altered. In essence horse
liver alcohol dehydrogenase^ 7) and most likely E.coli threonine dehydrogenase are
dimers of dimers. In fact there are several dehydrogenases that exhibit just this structure.
Z.mobilus alcohol dehydrogenase^) and Clostridium sticklandii threonine
dehydrogenases^) are dimers of sub-units of similar size to that of E.coli threonine
dehydrogenase and exhibit relatively similar functionality.
Figure 6 Horse LiverAlcohol Dehydrogenase.
(A) Angle showing the two-fold symmetry of the enzyme. (B) Angle showing the
separation of the two dimers. (C) Connection between the two sub-units in each dimer is
a beta sheet. (17)
Threonine dehydrogenase from several different organisms has been sequenced. The
sequences of each are shown in figure 7 and their homology to one another is shown in
table 1.
The purpose of this thesis is the isolation of threonine dehydrogenase from Serratia
marcescens, another gram negative bacteria, the evaluation of its native size,
determination of its amino terminal sequence and the characterization of its open reading
frame. Serratia marcescens is a capsulated gram negative bacteria, which has been
associated with eye infections (pediatric nosocomial), inner ear infects (otidis media),
urinary tract infections, and pneumonia, particularly in young children.(12,13) A number
of antibiotic resistant strains of Serratia marcescens have been isolated (amikacin,
aztreonam, carbenicillin, cefoperazone, cefotaxime, cefoxitin, chloramphenicol,
ciprofloxacin, mezlocillin, piperacillin, tetracycline, and tobramycin) leading to public
health concerns. (12, 13, 14) S.marcescens is characterized from other Enterobacteriaceae
by its production of three special enzymes; DNase, Lipase, and gelatinase(13). All three
of these enzymes have catabolic activity, DNase is a deoxyribonucleic acid exonuclease,





Lane 1 - Clostridium
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o unknown sequence or
liqsgldlsp iithrfsidd fqkgfdamrs gqsgkvilsw
fvqggldlsp iithrigidd frdgfeamrs gnsgkwmdw
lvlsgfplqk vlthqlside fqkgfdlmee gkagkwlsw
Figure 7 - Sequences of known threonine dehydrogen
sticklandii, Escherichia colU Rhizobiummeliloti, and Xc
Dashed lines indicate absence of amino acids either due t
differences in length.
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Table 1 - Comparison ofKnown threonine dehydrogenases




C.sticklandii vs. E.coli None*
None*
C.sticklandii vs. Rmeliloti None*
None*
C.sticklandii vs. X.campestris None*
None*
E.coli vs. Rmeliloti 70% 81%
E.coli vs. Xcampestris 60% 74%
Rmeliloti vs. X.campestris 52% 66%
*






























Figure 8 - Taxonomy of prokaryotic species with documented
threonine dehydrogenase sequences. (11)
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Figure 7 shows the taxonomy of bacteria with documented threonine dehydrogenase
sequences and the location of Serratia marcescens compared to these organisms.
Escherichia coli is much more closely related to both Rhizobium meliloti and
Xanthomonas campestris than to Clostridium sticklandii, which may explain the
difference between the amino acid sequences ofC.sticklandii and the rest.
Serratia marcescens is much closer to E. coli compared to Xcampestris and Rmeliloti.
Therefore, the sequence of threonine dehydrogenase from S.marcescens is expected to be
closer to TDH from E.coli than the others. This hypothesis forms the basis for some of
our studies ofTDH from Serratiamarcescens.
Polymerase chain reaction (PCR) is a repetitive experiment that produces copies of
regions of template DNA by the use of in vitro polymerase activity. Pieces of DNA,
called primers, provide the initial anchors and starting points of the reactions. The
primers are mixed with the template DNA, denatured to single strains, reannealed by
lowering the temperature, and DNA polymerase starts copying the template strains.
Opposite primers on a piece of template DNA can produce double strained segments that
can in turn reproduce new copies, thus multiplying the segment logarithmically. PCR is a
powerful tool used here searcg for the TDH gene in Serratiamarcescens.
The E.coli genes for TDH and amino-ketobutyrate ligase form an operon in E.coli (figure
9). Figure 10 shows the known nucleotide sequence of E.coli TDH and both figures 9
and 10 indicate the primers that will be used to search for the TDH gene from
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S.marcescens genomic DNA. Using PCR to isolate a particular gene or sequence of
DNA is based on the use of smaller pieces of DNA (primers), with known sequence
similarity to the desired gene. These pieces are annealed to the template DNA and the
desired gene or sequence is multipled.
The outline for the experiments of this study is laid out in the experimental section where
primers 031, 030, 103, and 636 will be used for PCR experiments with S.marcescens
genomic DNA. Primers 030 and 031 were chosen from just outside the open reading
frame for TDH. If successful, this should produce a DNA fragment of approximately 1.0
to 1.2 kilobases. Primers 103 and 636 are intended to pull out partial segments of the
TDH gene from S.marcescens. These two primers use E.coli TDH sequence, which
should in turn hybridize with the S.marcescens TDH sequence. Based upon the
taxonomy of known TDH sequences, the Serratia marcescens TDH gene should have a
direct homology to E.coli TDH of greater than 60 %. This hypothesis is based upon the
sequence information provided by the other known threonine dehydrogenases.
13
Ecoli KBL & TDH operon
-35-10






Primer 031 Primer 636 Primer 103
<-
Primer 030
1639-1663 1881-1900 2517-2498 2865-2840




1501 cggtagtggc gcagaaattt gcccgtgagc tgcaaaaaga gggcatttac gttaccggtt
1561 tcttctatcc ggtcgttccg aaaggtcagg cgcgtattcg tacccagatg tctgcggcgc
1621 atacccctga gcaaattacg cgtgcagtag aagcatttac gcgtattggt aaacaactgg
Primer 031
^
1681 gcgttatcgc ctgaggatgt gagatgaaag cgttatccaa actgaaagcg gaagagggca
1741 tctggatgac cgacgttcct gtaccggaac tcgggcataa cgatctgctg attaaaatcc
1801 gtaaaacagc catctgcggg actgacgttc acatctataa ctgggatgag tggtcgcaaa
1861 aaaccatccc ggtgccgatg gtcgtgggcc atgaatatgt cggtgaagtg gtaggtattg
Primer 636
r
1921 gtcaggaagt gaaaggcttc aagatcggcg atcgcgtttc tggcgaaggc catatcacct
1981 gtggtcattg ccgcaactgt cgtggtggtc gtacccattt gtgccgcaac acgataggcg
2041 ttggtgttaa tcgcccgggc tgctttgccg aatatctggt gatcccggca ttcaacgcct
2101 tcaaaatccc cgacaatatt tccgatgact tagccgcaat ttttgatccc ttcggtaacg
2161 ccgtgcatac cgcgctgtcg tttgatctgg tgggcgaaga tgtgctggtt tctggtgcag
2221 gcccgattgg tattatggca gcggcggtgg cgaaacacgt tggtgcacgc aatgtggtga
2281 tcactgatgt taacgaatac cgccttgagc tggcgcgtaa aatgggtatc acccgtgcgg
2341 ttaacgtcgc caaagaaaat ctcaatgacg tgatggcgga gttaggcatg accgaaggtt
2401 ttgatgtcgg tctggaaatg tccggtgcgc cgccagcgtt tcgtaccatg cttgacacca
2461 tgaatcacgg cggccgtatt gcgatgctgg gtattccgcc gtctgatatg tctatcgact
^
Primer 103
2521 ggaccaaagt gatctttaaa ggcttgttca ttaaaggtat ttacggtcgt gagatgtttg
2581 aaacctggta caagatggcg gcgctgattc agtctggcct cgatctttcg ccgatcatta
2641 cccatcgttt ctctatcgat gatttccaga agggctttga cgctatgcgt tcgggccagt
2701 ccgggaaagt tattctgagc tgggattaac acgaacaagg gctggtattc oagccctttt
2761 tatctgagga taatctgtta aatatgtaaa atcctgtcag tgtaataaag agttcgtaat
2821 tgtgctgatc tcttatatag ctgctctcat tatctctcta
Primer 030
gggtgaagtg actctctcac
2881 ctgtaaaaat aatatctcac aggcttaata gtttcttaat acaaagcctg taaaacgtca
2941 ggataacttc agaggtcgtc ggtaatttat gatgaacagc accaataaac ttagtgttat
Figure 10 - TDH sequence from E.coli genome with designed primers for PCRwith
S.marcescens Genomic DNA.




Bradford Dye Binding Protein Concentration Assay (1,2)
A concentrated solution of Bradford Dye Binding Concentration Reagent is diluted 1:5
and filtered at 0.2 urn. A set of standard protein solutions are made using bovine gamma
globulin at concentrations of25, 50, 100, 200, 400, 600, 800, and 1000 ug/mL. Samples
are diluted at 1:2, 1:5 and 1:10 and 10 uL of each are added in duplicate to a 96-well
micro-titer plate along with 10 uL duplicates of each standard and a blank of the
appropriate buffer. The arrangement of the samples are shown below.
Standards Samples Blank
1000 1000 1:2 1:2 1:1 1:1
800 800 1:5 1:5
600 600 1:10 1:10
400 400 1:2 1:2
200 200 1:5 1:5
100 100 1:10 1:10
50 50
25 25
Figure 1 1 - Layout ofBradford AssayMicroplate.
The diluted Bradford reagent (333 uL) is added to each standard, sample and blank well
and the plate is incubated at room temperature for 15 mins. The plate is then read on a
UV/Vis micro-titer plate reader at 595 nm. A standard curve is then prepared and sample
concentration is determined via direct curve interpolation at ug/mL units in a range of 50
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to 10,000 ug/mL levels. If all sample dilutions are above the maximum concentration of
10,000 ug/mL repeat procedure using dilutions of 1: 15 and 1:20.
p-Iodotetrazolium violet - Threonine Dehydrogenase Activity Assay (1,2)
Stock solutions of 1.0M Tris-HCl pH 8.4, 0.3 13M threonine, and 25mM
NAD+
were
stored at 4C. 10 mg/mL stock solutions of p-iodotetrazolium violet and phenazine
methosulfate were made in 95% ethanol (v/v) and stored at -20C. The assay mixture is
made by adding 2 mL of the Tris stock, 4 mL of the threonine stock and 2 mL of the
NAD+
stock to 1.8 mL of distilled water. Then, 200 uL of the p-iodonitrotetrazolium
violet (pITV) stock and 5 uL of the phenazine methosulfate (PhMS) stock are added to
complete the mixture which contains final concentrations of 200mM Tris, pH 8.4,
125mM threonine, 5mM NAD+, 200 ug/mL pITV and 5 ug/mL PhMS. This assay
solution (150 uL) is added immediately to the microplate wells containing 50 uL of
chromatography fractions to be analyzed.
The plate is then incubated at 37C for 15 minutes and read at 490 nm on a UV/Vis




A reaction mixture of200 micromoles of tris-hydrochloride and 125 micromoles ofL-
threonine in 1.4 mL is adjusted to a pH of 8.4. Fifty uL of enzyme solution is added and
the mixture is incubated at 37C for five minutes. Two hundred uL of a 25mMNAD+
solution is added and incubated for an additional hour at 37C. 0.5 mL of25%
trichloroacetic acid is added and the mixture is centrifuged at 10,000 rpm for ten minutes
to remove the precipitated proteins. 1.0 mL of the supernatant is then added to 2 mL of
IN sodium acetate buffer, 100 uL of2.5N sodium hydroxide, and 100 uL of acetyl
acetone. This mixture is then boiled for ten minutes. After the solution is cooled to room
temperature, 200 uL ofEhrlich's reagent (30 mL acetic acid, 1.5 g p-dimethyl amino
benzaldehyde, 12 mL 70% perchloric acid) is added. The solutions are incubated at room
temperature for 10 minutes and then OD540 is recorded. Controls of the same reactions
are made with and without components.
Bacterial Growth and Lysis
Serratia marcescens ATCC strain 43297 stored in 50% glycerol at -80C is plated on
Luria Broth (LB) agar and incubated at 37C overnight. Colonies are selected and
streaked on LB agar and incubated at 37C overnight. 5 mL aliquots of sterile LB broth
are warmed to 37C and inoculated with a single colony from the streaked Serratia
marcescens plate. These aliquots are then placed in a shaking incubator at 37C and 100
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rpm for 24 hours. 500 mL ofwarm sterile LB broth are inoculated with one 5 mL starter
culture and shaken at 100 rpm at 37C for 48 hours. Cells are collected via centrifugation
at 10,000 rpm for fifteen minutes at 4C. The cells are then re-suspended in four
volumes of lOOmM Tris, pH 7.5. The re-suspension is then vortexed with one half
volume of glass beads for five minutes and then placed on ice for two minutes. The
vortex/ice step is repeated five times and then followed by ultra-sonication for five
minutes. The lysed cells are compared to un-lysed cells by microscopy and the procedure
repeated as necessary.
Threonine Dehydrogenase Purification from Serratia marcescens
The lysed cells are centrifuged at 10,000 rpm for thirty minutes and the supernatant is
filtered through a 0.22 micron nylon membrane. The resulting crude extract is then
evaluated for total protein content and dialyzed against 500 volumes of lOOmM Tris, pH
7.5 for 24 hours.
A 50 mL ion exchange column (Poros DEAE) is packed and a loading of crude extract is
determined by a standard of 5 mg of total protein to 1.0 mL of resin. The DEAE column
is equilibrated with lOOmM Tris, pH 7.5 and washed with one column volume of 1M
sodium chloride in lOOmM Tris, pH 7.5. The re-equilibrated column is then loaded with
the appropriate amount of crude extract at a flow rate of 2.0 mL per minute and washed
with two column volumes of lOOmM Tris, pH7.5 buffer using a Waters 650E Protein
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Purification System. The bound protein is eluted with a step and gradient elution pattern
of a step to 0.2M sodium chloride held for two column volumes, a gradient from 0.2M to
0.5M sodium chloride over two column volumes, and a hold at 0.5 M sodium chloride for
two column volumes. The UV/Vis detector is set at 280 nm and fractions are collected
2.5 minute intervals throughout the elution pattern. The column is then washed with two
column volumes of 1.0M sodium chloride and stored in lOOmM Tris, pH 7.5 buffer.
Fractions are evaluated with the pITV-TDH activity assay for the presence of TDH
activity and pooled accordingly. The DEAE pool is then dialyzed into lOOmM Tris, pH
7.0 over night at a 1 to 500 ratio. Beta-mercaptoethanol (p-ME) is added to a final
concentration 0.5 mM. The pool is then evaluated for total protein content.
A 10 mL Cibacron Blue 3GA column in poured and equilibrated with ten column
volumes of lOOmM Tris, pH 7.0 at 4C Approximately 50 mg of total protein from the
DEAE pool is loaded on the Cibacron Blue 3GA column at a flow rate of 0.5 mL per
minute and washed with five column volumes of lOOmM Tris, pH 7.0 buffer at 4C. The
bound protein is eluted at 4C with lOOmM Tris, pH 8.0, 5mM NAD+ at 0.5 mL per
minute flow rate. Fractions are collected during the elution step at 2.0 mL per fraction.
The fractions are evaluated with the pITV-TDH activity assay for the presence of TDH
enzyme and pooled accordingly.
The Cibacron Blue 3GA pool is then concentrated ten fold with a 10,000 kilodalton
retention Centriprep centrifugal concentrator at 3,000 rpm.
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A 50 mL Toyopearl HW-55s gel filtration column is poured and equilibrated with 100
mM Tris, pH 7.5, 0.5 mM p-ME, 100 mM NaCl. The Cibacron Blue 3GA pool is then
run at a one milliliter per minute flow rate across the gel filtration column with two
milliliter fractions collected throughout the elution. Fractions are pooled based on TDH
activity evaluation and reduced with addition of beta-mercaptoethanol to 5 mM. The
purified TDH is stored at -20C.
Aliquots from each pool in the purification are saved and evaluated for total protein
concentration, purity ofTDH, and percent yield.
Sodium Dodecylsulfate - Polyacrylamide Gel Eelctrophoresis
Sodium Dodecylsulfate (SDS) - Polyacrylamide Gel electrophoresis is performed by a
pre-poured gel containing a gradient of polyacrylamide of 10% to 20% in an
SDS-
tris/glycine buffer at constant amperage of 50 mA for oneliour. Samples of the pools of
the purification are run in J3-ME/SDS sample buffer at concentrations of 10 ug of total
protein per well and accompanied by molecular weight standards of 194, 98, 70, 44, 34,
24, 15, and 11 kilodaltons. The resulting gel is stained with a 5:1:5 ethanol: acetic
acid:water and 0.5mM Coomassie blue stain for 4 hours and destained overnight with
5:1:5 ethanol: acetic acid:water solution.
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N-terminal Sequencing Preparation
Purified TDH is prepared and electrophoresed as described above on an SDS-PAGE gel.
The gel is then transferred via a semi-wet blotter onto a poly-vinyl diflouride (PVDF)
membrane at constant amperage of 150 mA for one hour. The membrane is then stained
with Coomassie blue for 5 minutes and destained in three separate washing of 5:1:5
ethanol: acetic acid:water destain. The blot is dried and store at room temperature in the
dark during transfer to the sequencing lab.
Native Threonine Dehydrogenase MolecularWeight Determination
A 50 mL Toyopearl HW-55s gel filtration column is equilibrated with lOOmM Tris, pH
7.5, 200mM potassium chloride at a flow rate of 2.0 mL per minute. Standard molecular
weight proteins (cytochrome C - 21.5 kD, chymotrypsin - 25.0 kD, bovine serum
albumin
- 68.0 kD, katalase - 240.0 kD, ferritin
- 450.0 kD) are eluted from the gel
filtration column and retention times gathered. A calibration curve is developed by
retention time vs. molecular weight of each standard. Purified TDH is then eluted under
identical conditions from the column with it's native molecular weight determined
directly from the curve.
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Verification ofMolecular Weight Sizes via Mass Spectroscopy
The purified threonine dehydrogenase was analyzed by Matrix Assisted Laser Desorption
Ionization (MALDI) Mass Spectrometer with a Time of Flight (LOF) detector. The
sample was in the final buffer of 100 mM Tris, pH 7.5, 150 mM NaCl mixed one to one
with standard matrix sample solution of 10 mg/mL sinapinnic acid in acetonitrile.
Genomic DNA Isolation (10)
Stock Serratia marcescens is streaked on LB agar and incubated at 37C overnight for
isolation of a single colony. 30 mL ofLB liquid media is inoculated with a single colony
from the LB agar plate. The culture is incubated with shaking at 37C overnight. The
resulting culture is centrifuged at 10,000 rpm for thirty minutes to collect the cells. The
pellet is resuspended in 5.0 mL of tris-saline buffer (TBS) and centrifuged at 10,000 rpm
for thirty minutes to wash the cells. The wash step is repeated and the final pellet is
resuspended in 3.0 mL of extraction buffer (0.9M sorbitol, 0.1M EDTA, 50mM
dithiothreitoL pH 7.5). 200 uL of lyticase solution (0.5 mg lyticase in 0.2 mL of 0.9M
sorbitol) are added to cells and
shaken at 37C for two hours. The resulting spheroplasts
are collected by centrifugation at 5,000 rpm for five minutes and resuspended in 3.0 mL
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of TE buffer. 300 uL of ten percent sodium dodecylsulfate is added and the mix is
incubated at 65C for thirty minutes to lyse the cells. 1.0 mL of 5 M potassium acetate is
added and the mix is placed on ice for one hour. The solution is then centrifuged at
15,000 rpm for thirty minutes. The supernatant is transferred to a separate polyethylene
tube and 4.0 mL of ice-cold 95% ethanol is added. The precipitated DNA is collected by
centrifugation (10,000 rpm x 10 minutes), washed with 4.0 mL of 50% ethanol and
re-
centrifuged. The pelleted DNA is then dried at 50C The DNA is re-dissolved in 3.0
mL of TE buffer and 150 uL of 1 mg/mL ribonuclease (in 10 mM sodium acetate) is
added and the mixture is incubated at 37C for thirty minutes. 3.0 mL of iso-propanol
are added and the solution is centrifuged at 10,000 rpm for ten minutes. The pelleted
DNA is washed with 3.0 mL of 50% iso-propanol, recentrifuged, and dried at 50C The
DNA pellet is then resuspended in 0.5 mL TE buffer. The RNA contamination of the
genomic DNA is determined by agarose gel electrophoresis.
Agarose Gel Electrophoresis ofDNA
100 mL of 89 mM tris, 89 mM boric acid, 2.5 mM EDTA (TBE) is placed in a 250 mL
erlenmeyer flask containing 1.0 gram of solid agarose and microwaved on high for two
minutes. The liquefied agarose is poured into a gel tray and cooled to room temperature.
All samples (20 uL) are combined with 5.0 uL of tracking dye. The gel is run in TBE at
125 volts for two hours and stained for twenty minutes in a 1.5 mg/mL ethidium bromide
/ TBE solution. The gel is destained in TBE for fifty minutes and photographed.
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Purity and Quantification ofGenomic DNA
The purity and concentration of the genomic DNA is determined by diluting 50 uL of
DNA into 950 uL ofTE buffer (1/20 dilution) and the optical density readings at 260 nm
and 280 nm are taken. One OD unit at 260nm of a 1/20 diluted sample of DNA is
equivalent to 1.0 mg/ml ofDNA and the ratio ofOD26o/OD28o indicates the level ofpurity
of the DNA. A level of 1.8 or above is considered relatively pure and any level below 1.8
has an unexceptable level ofprotein contamination and should be extracted with an equal
volume of a 25:24: 1 phenol/chloroform/iso-amyl alcohol.
Polymerase Chain Reaction Amplification
5 to 50 ng samples ofgenomic DNA are placed in PCR tubes. Each tube contains 1.0 uL
of a 100 mM dNTP mix (25 mM of each dATP, dGTP, dTTP, dCTP), 125 ng of each
primer, 5.0 uL of a lOx reaction buffer (200 mM Tris-HCl, pH 8.8, 100 mM potassium
chloride, 100 mM ammonium sulfate, 1% Triton X-100, 1 mg/mL nuclease-free bovine
serum albumin), 0.5 to 2 uL of 50 mM magnesium sulfate solution, and 2.5 units of
cloned Pfu DNA polymerase diluted to a final volume of 50 uL with sterile water. The
mixture is vortexed and centrifuged at 3,000 rpm for one minute. It is then placed in a
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thermal cycler and heated to 95C for two minutes. The samples are then cycled forty
times from 95C for thirty seconds to 54C or 37C for thirty seconds and finally to 73C
for two minutes. The samples are taken to 4C for temporary storage. The samples are
removed from the thermal cycler and evaluated by agarose gel electrophoresis.
DNA Sequencing Dye-Terminator Reaction
10 to 20 ng of template DNA are placed in a PCR tube containing 125 ng of sequencing
primer and eight microliters of the dye-terminator reaction mixture. The tube is brought
to a final volume of 20 uL with sterile water. The mixture is vortexed and then
centrifuged at 3,000 rpm for one minute and placed in a thermal cycler. The samples are
cycled twenty times from 95C for thirty seconds to 54C for thirty seconds to 75C for
two minutes. At the end of the final cycle the samples are cooled to 4C and immediately
transfered to the University ofRochester Core Nucleic Acid Laboratory for analysis.
26
Results:
Threonine Dehydrogenase Purification from Serratia marcescens.
A stock of Serratia marcescens was streaked onto LB agar and the resulting streak
pattern gave more than twenty single colonies. Four separate colonies were
individually transferred to four 5.0 mL aliquots ofwarm LB media. After 24 hours
1.0 mL each of starter culture was transferred to eight separate 1.0 L flasks containing
500 mL ofwarm sterile LB media. The growth ofSerratia marcescens was followed
over a period of48 hours by ODeoo readings taken at six hour intervals. The resulting
growth curve is shown in figure 12.
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Serratia marcescens Growth Curve
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Figure 12 - Growth Curve ofSerratia marcescens in LB media.
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The cells (15.67g) were collected after 48 hours by centrifugation at 10,000 rpm for
10 minutes and resuspended in 63 mL of 100 mM Tris, pH 7.5. The cells were lysed
as described in the experimental section. The percentage of cell disruption is an
approximation as seen from comparisons of initial culture to disrupted cultures.
Approximately 50% disruption percentage was achieved via five glass bead and
vortex cycles. The resulting mixture of all three lysed aliquots were centrifuged and
resulted in 70 mL of crude cytoplasmic fraction and a 12.65 gram pellet of cell waste
and un-lysed cells. The supernatant, containing 17.6 mg/mL total protein content,
tested positive for TDH activity. The crude cytoplasmic extract was then dialyzed
against 100 mM Tris, pH 7.5 and the conductivity was lowered from 4.3 mS to 0.68
mS.
40 mL of crude extracted was applied to a DEAE ion exchange column and eluted as
shown in figure 13. Table 2 indicates the relative amounts of pITV assay activity in
fractions 25 through 48. Fractions 31 to 40 were pooled for subsequent use. The
DEAE pool is then dialyzed against lOOmM Tris (pH 7.0) and reduced with beta-
mercaptoethanol. The DEAE chromatography was repeated four more times and the
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Figure 13 -Poros DEAE Ion Exchange Chromatogram.
50 mL DEAE, 5mL/min. Flow Rate, 100 mM Tris, pH 7.5
Table 2 - DEAE Fraction Evaluation for Relative TDH Activity by pITV Assay.
(These values are determined by dividing all of the
OD490 readings by the largest OD490 reading)
Fraction OD490 Fraction OD490 Fraction OD490 Fraction OD490
25 0 31 0.28 37 0.83 43 0.04
26 0 32 0.57 38 0.49 44 0
27 0 33 0.82 39 0.34 45 0
28 0.02 34 0.98 40 0.24 46 0
29 0.09 35 1.00 41 0.19 47 0
30 0.12 36 0.92 42 0.11 48 0
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The entire DEAE pool is then loaded on the prepared Cibacron Blue 3GA column and
eluted with lOOmM Tris, pH8.0, 5mM NAD+. Figure 14 shows the protein content
and TDH activity for the 2.0 mL elution fractions.



























1 2 3 4 5 6 7 8 9 10 11 12 13 14
Fractions
Figure 14 - Fractions from the Cibacron Blue 3GA column showing
protein content in milligrams per milliliters.
10 mL Cibacron Blue 3GA, 0.5 mL/min Flow-Rate, 100 mM
Tris pH 8.0, 50 mMNAD+
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Fractions 2 through 8 were pooled and concentrated to 3.0 mL. 1.5 mL of the
Cibacron Blue pool was then run on a Toyopearl HW-55s gel filtration column as
described earlier. The resulting chromatogram in Figure 15 shows the elution ofboth
protein and NAD+, Figure 16 is a SDS-PAGE gel of fractions from the TDH elution
region, and Table 3 indicates the relative TDH activity.
Serretia marcescens Cibacron Blue 3GA Pool
0.8
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Figure 15 - Toyopearl HW-55s Gel Filtration chromatogram.
50 mL Toyopearl HW-55s, 1 .0 mL/min., 100 mM Tris pH 7.5
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Table 3 - Toyopearl HW-55s Fraction Evaluation for Relative TDH Activity
(These values are determined by dividing all of the
OD490 readings by the largest OD490 reading)
Fraction OD490 Fraction OD490
38 0.00 44 0.62
39 0.08 45 0.33
40 0.19 46 0.16
41 0.87 47 0.12
42 1.00 48 0.09















Figure 16 - SDS-PAGE Gel ofToyopearl Fractions
(Well 1 containsMW standards,
Well 2-12 contain column fractions 40-58 (even))
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Fractions 41 through 45 from the gel filtration column were pooled for TDH activity
and purity. The resulting five mL pool was combined with the second run to give a
ten milliliter pool which contained 0.13 mg/mL total protein. The Toyopearl pool
was then concentrated ten fold to 1.3 mg/mL total protein. Figure 17 is a SDS-PAGE









Figure 17 - SDS-PAGE Gel of Purification Steps
Lane 1 - Crude Cytoplasmic Fraction
Lane 2 - DEAE Pooled Fractions
Lane 3 - CB 3GA Pooled Fractions
Lane 4 - TpHW-55s Pooled Fractions
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The relative purities of threonine dehydrogenase for the purification steps were
determined by the use of a optical densitometer. The crude cytoplasmic fraction was
evaluated to be less than one tenth of a percent threonine dehydrogenase of the total
protein. The DEAE step gave approximately two percent threonine dehydrogenase,
with the Cibacron Blue yielding over seventy two percent TDH. The final gel
filtration step gave TDH at greater then ninety eight percent pure. The approximate
reduced and denatured size of the linear threonine dehydrogenase was estimated to be
41.2 kilodaltons by the use of a standard curve of the molecular weight markers vs.
their migration distance on the final purification gel. A total of 1 .3 mg of TDH was
purified from 15.67 grams of cells.
Amino Acetone Assay ofPurified Threonine Dehydrogenase.
After the final purification step, the identity of the pure protein was confirmed by
aminoacetone analysis. The experiment was completed using negative controls of
reaction mixtures lacking threonine, NAD+, and enzyme and a positive control of fifty
microliters of a standardized one ug/uL stock ofE.coli TDH enzyme (table 4).
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Table 4 - Amino Acetone Assay for the Positive Verification ofTDH Activity.
Sample OD540
Positive Control
E.coli TDH(50uL, 0. lmg/mL) 0.87
Negative Control (no threonine)
0.08S.marcescens TDH (50pL, O.lmg/mL)
Negative Control (no NAD+)
S.marcescens TDH (50uL, 0. 1mg/mL) 0.07
Negative Control (no Enzvme)
S.marcescens TDH (50uL, O.lmg/mL) 0.09
Purified Enzvme
S.marcescens TDH (50uL, 0. lmg/mL) 0.54
Native MolecularWeight Characterization ofPurified Threonine
Dehydrogenase.
The native molecular weight was estimated from gel filtration chromatography on
Toyopearl HW-55s resin. The purified threonine dehydrogenase eluted from the gel
filtration at 41.4 minutes. A set ofmolecular weight standards containing cytochrome
C (21.5kD), chymotrypsin (25.0kD), bovine serum albumin (68.0kD), katalase
(240.0kD), and ferritin (450.0kD) was eluted under the same conditions giving
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standard retention times of 54. 1
, 51.0, 42.6, 38.7, and 36.0 minutes respectively. The
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Figure 18 - Toyopearl HW-55s Gel Filtration Chromatograms.
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(A) Purified TDH, (B)MolecularWeight Standards.
(E - cytochrome C, D - chymotrypsin, C - bovine serum albumin, B
- katalase, A - ferritin)
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Verification of Size ofNative and Reduced S.marcescens Threonine
Dehydrogenase byMass Spectroscopy.
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Figures 19 - Mass Spectrum ofPurified TDH.
One halfof a ug ofpurified TDH in lA ug of sinapinnic acid, Laser Power 30, shot 10
times.
The mass spectrum revealed a reduced weight of 35.6 kD, a native weight of twice
the sub-unit weight is 71.4 kD, and a TDH double charge of one half the reduced
weight at 17.9 kD.
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Sequencing and Homology of the N-terminus ofS.marcescens Threonine
Dehydrogenase.
The purified enzyme was prepared by SDS-PAGE, electro-transferred to a PVDF
membrane, stained with Coommasie Blue, and destained to reveal a single protein
band. The membrane was sent for N-terminal sequencing which provided the first
twenty amino acids; MKAAWTKNHTVDIQDKVLR. A BLAST search of the
available protein sequences in the National Center for Biotechnology Information
Web site yielded two proteins having sequence homology scores of over thirty or an
amino acid similarity homology percentage of greater than eighty percent. These
results are shown in table 5.
Table 5 -Comparisons ofN-terminal sequences ofSerratia marcescens Threonine
Dehydrogenase and Two Alcohol Dehydrgenases from NCBI Blast Searches.
(5>wTDH - S.marcescens Threonine Dehydrogenase)
Protein Protein Sequences %of %of
Organism Exact AA Similar AA
Homology Homology
to S/wTDH to SmTDH
Threonine MKAAWTKNHTVD IQDKVLR 100 100
Dehydrogenase (TDH)
S.marcescens
Alcohol Dehydrogenase MKAAVI TKDHT IEVKDTKLR 60 90
I (ADHI) Zmobilis MKAAV+TK+HT++++D LR
vs. Sm TDH MKAAWTKNHTVD IQDKVLR
Alcohol Dehydrogenase, MKAAWTKDHHVDVTYKTLR 70 80
Propanol-preferring
MKAAWTK+H-VD+K-LR




The isolation of genomic DNA from S. marcescens resulted in a 75 ug/mL solution
with an OD26o/OD28o ratio of 1.89, indicating the preparation contained little protein.
Figure 20 shows the genomic DNA at concentrations of one, five, ten and fifteen
nanograms of genomic DNA. Figure 20 is shown before the RNA is removed via
ribonuclease digestion, the RNA is seen at the bottom of each lane as bright smears.
Figure 20 - Genomic DNA of& marcescens showing RNA contamination.
The figure contains duplicate sample sets of increasing amounts ofGenomic
DNA
(Well 1 - XDNA cutw/Hindin & <)> DNA, Well 2 - 1 uL gDNA,
Well 3 - 2 uL gDNA, Well 4
- 5 uL gDNA, Well 5
- 10 uL gDNA)
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PCR Gene Cloning for Sm-TDH with Ec-TDh Primers.
The external primers 030 and 031 were used following the PCR procedures described
in the experimental section in an attempt to amplify the TDH gene from S.
marcescens. Various conditions of DNA concentration and magnesium chloride
concentrations gave varying
Figure 21 - PCR ofGenomic DNA ofS. marcescens showing resulting band
patterns with the use ofTDH External Primers 030 and 031.
(Well 1 - X DNA cutw/ Hindlll, Well 2 - 1 kB ladder standard, Wells 4-12 shown in table 6)
band patterns. This is shown in Figure 21, where lane one is lambda DNA cut with
HindlH and lane 2 is a one kilobase ladder standard. Lane three is a sample without
magnesium chloride resulting in no prominent bands from the reaction. Lanes four
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through twelve are various DNA and magnesium chloride concentrations as shown in
Table 6.
Table 6 - Matrix ofDNA and Magnesium Chloride Concentration
with resulting Band Size.
Lane
Number
DNA (ng) MgCl (mM) Bands (kB)
4 10 1.5 1.2
5 10 2.0 1.2
6 10 2.5 1.0
7 20 1.5 0.4
8 20 2.0
9 20 2.5 1.0
10 30 1.5 0.4
11 30 2.0 1.0, 0.4
12 30 2.5 1.0, 0.4
The same PCR reaction was done using primers 030 and 636 and then primers 031
and 103. Figure 22 shows the results of these reactions with molecular weight
standards in lanes 1 and 7 and lanes 8 through 11 as duplicates of lanes 2 through 5.
In these reactions only 15 ng and 30 ng of genomic DNA and 2.5 mM magnesium
was used. The reactions were arranged as lanes 2 and 3 being the
3'
end ofTDH with




Figure 22 - PCR ofGenomic DNA ofS. marcescens showing resulting band
partners with the use of Primers 030/636 and 031/103.
The figure clearly shows the formation of a 550 base bright band in lanes 2 and 3 and
with a 600 base pair band in lanes 4 and 5.
Sequence Analysis of PCR Products.
The resulting bands were excised from the gels and the
DNA band extracted using
Qiagen's quick-spin gel extraction kit (Qiagen, Inc). The DNA was then sequenced
using the dye-terminator
reaction as described in the experimental section.
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Primers 030 and 031 together gave a one kilobase band which sequenced very well















Figure 23 - Sequence of resulting 1 kB band with the use ofPrimers 030and 031.
(Sequenced from the front end primer 031)
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The 030 primer gave no readable sequence and thus was discarded in the
identification of the gene. The next reaction with primers 031 and 103, a very bright







Figure 24 - Sequence of resulting 550 B band with the use ofPrimers 03 land
103
(Sequenced from the front end primer 031)
The 103 primer and the 030/636 did not provide any clear sequence data.
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Homology Search vs. Resulting Sequences.
The resulting sequences were compared to known genomic sequences at the to
National Center for Biotechnological Information (NCBI) (11) using the NCBI Blast
tool. The 031/030 one kilobase band showed no significant similarity to E.coli
threonine dehydrogenase and was similar to various E.coli genes including alpha-D-
galactosidase and sucrose hydrolase. The 031/103 550 base band showed no
significant similarity to E.coli threonine dehydrogenase and was similar to an E.coli




The initial work with TDH was focused on the isolation of the enzyme from yeast
(Saccharomyces cerevisiae). The presences of an enormous amount of alcohol
dehydrogenase complicated the identification of TDH in the cell matrix. The pITV
activity assay did not specifically indicate TDH on initial DEAE column fractions.
Many different fractions had activity in this assay. Amino acetone results were also
very ambiguous. No specific identification of a TDH species was made due to the
lack of color change in the assay. Attempts were also made to identify the gene for
TDH via a blast search with the E.coli gene sequence. This search came up with no
significiant matches. At this point the thesis focus was switched to S.marcescens.
S.marcescens cells took twice as long to grow as typical E.coli K-12 in LB media.
The disadvantage of this growth curve is the 48 hour lag between inoculation and
stationary phase, lengthening the procedures by a day. The challenge was the
difficulty in breaking the bacterial capsule. Standards sonication methods of lysis had
little effect. Effective lysis only occurred using a method designed for yeast
{Saccharomyces cerevisiae)(lO). Glass beads added to the resuspended cell pellet
and vortexed for several intervals resulted in the best lysis conditions. The additional
sonication at the end of the vortex cycles was added to disrupt any cell membranes
intact after the cell walls had been disturbed. The results of 17.6 mg/mL total protein
46
in the crude fraction was an indication of the lysis effectiveness. For example, we
obtained 1.3 mg of pure TDH from a total of 15.67 g of S.marcescens cells, where
compared to Ecoli this is almost one half the amount of protein. This may be an
effect of the lysis or an overall indication of the expression ofTDH in S.marcescens.
The first chromatography of the purification procedure was the Poros DEAE ion
exchanger. The TDH binds to the cationic DEAE, indicating that the isoelectric point
(pi) for TDH is less than the pH of the buffer (7.5). Threonine dehydrogenase bound
well to the DEAE resin under these conditions perhaps in part due to the fact that the
crude fraction was dialyzed to remove salts and acid prior to chromatography. The
DEAE step resulted in a 490 fold increase in enzyme purity.
After the DEAE pool was against 20 mM Tris, pH 7.0 to remove the salt and lower
the pH, it was applied to the blue 3GA column at pH 7.0. The idea behind the lower
of the pH was attributed to the understanding of how blue affinity columns work.
The binding site for the Cibacron Blue column mimics the negatively charged
structure of NAD both physically and electronically. If the pH of the buffer is
lowered the positive charge of the protein, including its NAD+ binding site, should
increase. In theory, the binding ofNAD+ dependant enzymes should increase with
decreasing pH. The results supported this hypothesis. At pH 7.0 more threonine
dehydrogenase bound to the column as indicated by the colorimetric activity assay
results for the flow through of similar total protein loadings. When the blue column
was run at pH 7.5, a small amount of TDH activity washed through without binding
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and at pH 7.0 virtually all of the TDH bound to the resin. The performance of the
blue column was also enhanced at reduced temperature and slower flow rate. The
bound protein easily eluted from the column with the use ofNAD+ to displace the
proteins and an increased pH to reverse the binding character previously discussed.
The fact that threonine dehydrogenase bound to this type of NAD affinity column
proves the presence of an NAD+-like binding site, which is essential for the
conversion of threonine to amino-ketobutyrate, thus supporting the similar function of
TDH from S. marcescens and E. coli.
The final step in the purification of threonine dehydrogenase is a gel filtration step
that proved the existence of a multimeric structure of TDH in its native form. The
elution pattern of threonine dehydrogenase shows the difference in native size from
that of its major contaminant in the blue column pool. The multimeric form of TDH
was essential for its purification by gel filtration. This is illustrated in figures 15 and
16 ofthe results section of this text. TDH elutes much earlier than a contaminant that
was nearly identical in size under denaturing conditions, by SDS-PAGE, showing that
the contaminant is only a monomer in its native form, allowing us to separate it on gel
filtration. The molecular weight of the TDH sub-unit is 41.2 kD and gel filtration
revealed a molecular weight of the native enzyme to be -80 kD. A calibration curve
of the molecular weight standards from the gel filtration column are shown in figure
25.
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Figure 25 - Standard MolecularWeight Curve for Retention Times of the 50mL
Toyopearl HW-55s Gel Filtration Column
These results imply a structure since the native form appears to be about twice the
size of the sub-unit. This is the first indication of a difference in structure between
the S.marcescens and E.coli enzymes. The E.coli TDH is a tetramer of 37.2 kD sub-
units.
The N-terminal sequence of the protein was obtained by Edmen degradation
chemistry using an Applied
Biosystems 477A automatic sequencer. The resulting
sequence ofMKAAVYTKNHTVDIQDKVLR shows a characteristically prokaryote
initial methionine at the amino-terminus. Comparison of this sequence with known
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protein sequences using BLAST revealed homology to two alcohol dehydrogenases.
The first was ADHI from Z.mobilis, a dimeric alcohol dehydrogenase containing a
catalytic and structural zinc atom in both sub-units of the protein. The other alcohol
dehydrogenase is ADHP from E.coli, a propanol preferring enzyme also containing
two zinc atoms. Both of these proteins share the dimeric nature of TDH from
S.marcescens, which probably contains both structural and functional zinc atoms. It
is also interesting to note the substrate similarity between ADHP, which prefers
propanol as its alcohol substrate, and TDH from S.marcescens, which oxidizes the
isopropanol side chain on threonine.
The dimeric structure of the enzyme was comfirmed by MALDI-TOF (matrix
assisted laser desorption ionization), which found a sub-unit size of 35.6 kD and a
dimeric form at 71.4 kilodaltons.
The TDH Gene
The second half of the research involved a study of the gene for S.marcescens TDH
via polymerase chain reaction experiments. The experiment involved the use of
primers designed for regions just outside the E.coli TDH gene and for internal
segments of the gene, with the immediate goal of amplifying a gene segment large
enough to encode the TDH gene. After numerous attempts and condition changes,
several bands of the appropriate size (1.0 to 1.2 kilobase) were created using
50
conditions of lower stringency and high annealing probability. The combination of
high salt and low annealing temperatures was choosen to increase the likelihood that
amplifications even at the lowest of cross-reactive segments of the Serratia
marcescens genome. The 1.0 kB bands were sequenced and revealed significant
homology to a sucrose hydrolase and galactosidase enzymes from E.coli, but no
homology to E.coli TDH at all. A 600 base pair band, prepared using other primers,
also had no significant homology to Ecoli TDH. These findings help to identify




Threonine dehydrogenase is an enzyme dependent upon NAD+ for the conversion of
threonine to amino-ketobutyrate. This activity is vitally important for the use of
threonine as a carbon source for an organism. In Escherchia coli, threonine
dehydrogenase is a tetramer of four 341 amino acid sub-units each containing a zinc
ion, for catalytic purposes, and having its own activity. Threonine dehydrogenase
from Serretia marcescens was first thought to be similar to the Ecoli enzyme,
because of its proximity in the bacterial taxonomy, but has been determined to be
quite different. The enzyme has a sub unit molecular weight of 35.6 kD, which
translates to about 324 amino acids in length. The sub unit size then is quite similar
to the E.coli enzyme, but the amino-terminal sequence of the two enzymes are
dramatically different.
The amino- terminus of Serretia marcescens threonine dehydrogenase has no
significant homology to E.coli's TDH, but a considerable similarity to a class of
short-chain alcohol dehydrogenases, one of which prefers propanol as a substrate.
The native size of S.marcescens's threonine dehydrogenase is just about exactly twice
the sub-unit size making the enzyme a dimer instead of a tetramer. It has been shown
that the threonine dehydrogenase enzyme from Serretia marcescens is most likely not
from the same gene construction, in terms of evolution, as the enzyme in Escherichia
coli. Mutations or deletions in separate genes in both of these organisms have led to
the similarity in function.
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The gene for S.marcescens 's TDH is most likely of the medium-chain alcohol
dehydrogenase family where the medium chain alcohol dehydrogenase family is the
origin ofE.coli 's enzyme. The amino-terminus of the S.marcescens enzyme clearly
indicates relationship to a specific alcohol dehydrogenase family different from the
E.coli enzyme. The gene structure used for the isolation of the gene via PCR
experiments was based upon the E.coli gene. These experiments provided no
evidence for similarity to the S.marcescens gene with respect to the initiation
sequences and any internal sequence of E.coli. The Serretia marcescens gene for
TDH is closer to the gene for Z.mobilus ADHI than E.coli TDH. Further steps that
can be taken to isolation the gene for TDH from S.marcescens are to use the amino-
terminal information derived from the protein to back translate a primer for the
5'
end
of the gene and to use the
3'
end of the Z.mobilus gene for the other primer.
Construction of a library for the genomic DNA of S.marcescens would also be
possible but previous attempts to express S.marcescens gene recombinantly presented
some challenges. The threonine dehydrogenase enzyme of Serretia marcescens is a
dimer of two 35.6 kD proteins which appears to have little similarity to the
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